An effective, simple, low cost and accurate sorption-spectrophotometric platform for the extractions and subsequent quantifications of Cd(II) and Pb(II) ions in food and environmental samples has been described in this dissertation. The separation and preconcentration of the analyte ions were accomplished by solid phase extraction method based on the adsorption of their N-(4-methylphenyl)-2-{[(4-phenyl-5-pyridin-4-yl-4H-1,2,4-triazol-3-yl)thio]acetyl} hydrazinecarbothioamide (MFPTAHK) complex on Amberlite XAD-8 resin in a mini column. The developed method was systematically investigated in different set of experimental parameters that influence the separation and preconcentration of Cd(II) and Pb(II) ions. The precision of the method was determined by reproducibility studies and expressed as relative standard deviations (RSD %) which were less than 4% for both analyte ions. The limits of detections (LODs) for Cd(II) and Pb(II) ions based on the three times the standard deviation of the blanks (N:10) were found to be 0.31 µg L -1 and 0.86 µg L -1 , respectively. The developed SPE procedure was utilized for the simultaneous extraction and determinations of Cd(II) and Pb(II) ions levels in rice, cracked wheat and red lentil as food samples and various water samples.
INTRODUCTION
Contamination of environment with heavy metals is widely increasing due to their industrial applications. Although necessary precautions are taken, pollution from industries increases day-by-day with the development of modern technology. Several heavy metals and metalloids, such as arsenic, mercury, cadmium, and lead are hazardous for living organisms when digested at above a certain concentration levels 1 . Environmental pollution caused by the aforementioned metals may originate from a variety of industrial applications such as electrolysis for various purposes, casting industry, surface finishing processes for metals, tannery and battery manufacturing [1] [2] [3] [4] . Lead is an extremely harmful trace element even at very small amounts. It has been proven that lead is a neurotoxin and causes adverse central and peripheral effects 5 . On the other hand, lead poisoning is a wide spread environmental health problem in the present-day situation 6, 7 . Moreover cadmium is a toxic substance, present about in each ecosystem around the world. The half-life of this metal is in the range of 10-30 years, and its accumulation in human body causes acute and chronic metabolic disorders, such as itai-itai disease, and also affects the vital organs 4, 8, 9 . Powerful analytical tools and several sensitive instrumental techniques have been developed for trace element determination as a result of rapid growth in instrumentation 10 . The direct application of various determination techniques is generally difficult due to the lower levels of the analyte ions than the detection limit and the complicated matrix interferences 11 . Therefore, in most cases a separation and preconcentration technique such as solid phase extraction (SPE) 12 , solvent extraction 13 , coprecipitation 14 , electrochemical deposition 15 , cloud point extraction 16 , liquid-liquid-extraction 17 , ion-exchange 18 , and membrane filtration 19 are employed prior to instrumental detections of trace metal ions. SPE has many advantages over different sample pretreatment methods, including reduced analysis time, decreased solvent usage and disposal, cleaner extracts and high capacity and regenerability of the used adsorbent 20 . Various types of sorbents such as Amberlite resins 21 , activated carbon 22 , Diaion HP-2MG 23 , silica gel 24 , polyurethane foam 25 and hydrogel 26 have been developed for SPE of different types of metal ions. Among these sorbents Amberlite XAD-8, used in this study, is a polyacrylic acid ester polymers with a 160 m 2 g -1 surface area, 0.79 mg g -1 pore volume, 225 Å pore diameter and 40-60 bead mesh size, and recently, it has been used successfully as a sorbent in a few solid phase extraction studies 27, 28 . This paper describes an approach to develop a sensitive, safe, rapid, simple and low cost separation and preconcentration method based on SPE for the accurate determinations of Cd(II) and Pb(II) ions level in environmental and food samples by flame atomic absorption spectrometry (FAAS). In the presented method we have packed the mini-column with Amberlite XAD-8 as a non-polar resin, and the metal ions have been retained on the resin as their N-(4-methylphenyl)-2-{[(4-phenyl-5-pyridin-4-yl-4H-1,2,4-triazol-3-yl)thio]acetyl}hydrazinecarbothioamide (MFPTAHK) complexes. Before applying the method to sea and stream water as liquid samples and rice, cracked wheat, and red lentil as solid samples, various parameters that influence the quantitative recoveries of Cd(II) and Pb(II) ions, including pH, eluent type, concentration and volume, quantity of ligand, sample volume, and matrix ions were investigated for optimization of the presented procedure. Also the validation of the method was evaluated by the analyte addition/recovery tests.
EXPERIMENTAL Instruments
A Perkin Elmer AAnalyst 400 model flame atomic absorption spectrometer (Überlingen, Germany) equipped with a deuterium background corrector and hollow-cathode lamps were used to determine metal ions concentration in the aqueous solution. A digital desktop pH meter (Hanna Instruments Model pH 211, Cluj-Napoca, Romania) with glass electrode was employed to adjust the pH of the solutions. Milestone Ethos D closed vessel microwave system (Milestone Inc., Sorisole (BG), Italy) was operated for obtaining the clear solutions by digesting the solid samples. The instrumental parameters were chosen as recommended by the manufacturer.
Reagents and solutions
All of the chemicals, except the organic complexing agent, used in both research and routine laboratory studies, were analytical grade and obtained from Merck (Darmstadt, Germany) or Fluka (Buchs, Switzerland). The stock solutions of the selected metal ions were prepared freshly by dissolving appropriate amounts of their nitrate salts and the working solutions of the analyte ions were prepared by diluting the stock solutions of them. Dilute HNO 3 and NaOH solutions were used for pH adjustments. Amberlite XAD-8 resin, used as a sorbent in this study, was purchased from Sigma-Aldrich Chemicals (St. Louis, MO, USA).
The ligand, MFPTAHK, used in this study was synthesized in the organic chemistry research laboratory (Chemistry Department, Faculty of Science, Karadeniz Technical University). The detailed information for its synthesis was given in the literature 29 . The necessary precautions were taken when e-mail: cduran@ktu.edu.tr MFPTAHK was handled in the experiments because there was no safety data available on its usage in the literature.
Sampling and pre-treatments
Sea water (Trabzon Port, Black Sea/Turkey) and stream water (Degirmendere Stream, Trabzon/Turkey) used in this study were sampled using pre-cleaned polyethylene bottles. The water samples were filtered immediately using a nitro-cellulose membrane with a pore size of 0.45 µm after being collected and stored at 4 °C until they were used. The developed SPE procedure was also applied to various solid samples; rice, cracked wheat and red lentil (Lens culinaris). The solid samples were digested with closed vessel microwave system prior to the application of the present SPE procedure. For this purpose, 1.000 g of rice, cracked wheat and red lentil were weighed into teflon vessels, separately and 6 mL of HNO 3 and 2 mL of H 2 O 2 were added into the vessels. The digestion of the solid samples by microwave radiation was performed in four steps: 6 min for 250W, 6 min for 400W, 6 min for 650W, and 6 min for 250W. During all these microwave radiations the pressure was kept at 45 bars, and the ventilation was 3 min. At the end of the microwave digestion, the sample volume was completed to 100 mL with distilled/deionized water and then the method was applied to them.
Preparation of SPE column
The separation and preconcentration of Cd(II) and Pb(II) ions were achieved with a glass mini-column, having a 13 cm length-1.0 cm diameter, porous disk and a stopcock. 250 mg of Amberlite XAD-8 resin beads was placed into the column. The column was firstly washed with 10 mL of 2 M HNO 3 solution and then washed with distilled/deionized water until it is free from acid. After each cycle of preconcentration and elution experiments, the resin in the column was washed thoroughly with distilled/deionized water and then stored in distilled/deionized water for further application.
General Procedure
The solid phase extraction of 2.0 µg of Cd(II) and 10.0 µg of Pb(II) ions present in 50 mL of aqueous solution was carried out by adjusting the pH to 6.5 by adding either diluted HNO 3 or NaOH solutions in the presence of 8.0 mg (2.0 mL 0.4% (w/v)) of MFPTAHK. The solution was left to stand for 10 minutes in order to make sure that the formation of metal-MFPTAHK complex was completed. Then the resulting solution was passed through the column with a flow rate of 20 mL min -1
. The metal-MFPTAHK complex retained in the resin was eluted with 10 mL of 2.0 mol L -1 HNO 3 in acetone and the eluent was evaporated to near dryness on a hot plate. The volume of the residue was completed to 2.0 mL with distilled/deionized water and the solution was analyzed by FAAS.
RESULTS AND DISCUSSION

Optimization parameters
The quantitative retention of the analyte ions are strongly affected by the pH of the aqueous solutions. The effect of pH change on the separation and preconcentration of Cd(II) and Pb(II) ions was evaluated by changing the pH of the sample solutions from 2.0 to 10.0 by using either diluted HNO 3 or NaOH solutions. As can be seen in the extraction curve of Cd(II) and Pb(II) ions (Fig.  1) , the recovery of the analyte ions was almost constant between pH 6.0 and 7.0, then it decreased greatly from pH 8 up to 10. At pH values lower than 6.0, the quantitative recoveries (>95%) for Cd(II) and Pb(II) ions cannot be achieved hence in all subsequent experiments the pH value was selected as 6.5.
To obtain the optimal quantity of complexing agent for both aforementioned metal ions, the effect of quantity of MFPTAHK was examined by using different amounts of it in the range of 0-12.0 mg. It has been observed that the recovery yields of the analyte ions increased with the increase in the quantity of complexing agent, MFPTAHK, up to a certain level. The yield of the recoveries for both Cd(II) and Pb(II) ions were not quantitative (16% and 42%, respectively), when MFPTAHK was not added to the solution. As shown in Figure 2 , the recovery values increased rapidly with increasing the quantity of MFPTAHK, but after reached to optimal quantity of complexing agent (8.0 mg (2.0 mL %0.4 (w/v) of MFPTAHK) there was no change in the recovery yields. On this basis, 8.0 mg of MFPTAHK was added to the solutions for all subsequent works. In order to desorb the retained metal-MFPTAHK complex on Amberlite XAD-8 resin, the efficiency of the HCl and HNO 3 solutions prepared in acetone and water were tested. The results were summarized in Table 1 . The acid solutions prepared in acetone have higher recovery efficiencies compared to the acid solutions prepared in water. Therefore 2.0 mol L −1 HNO 3 in acetone was specified as the best eluent to desorb both Cd(II) and Pb(II) ions complexes from the Amberlite XAD-8 resin. The effect of the volume of 2.0 mol L −1 HNO 3 in acetone, as eluting agent, was also investigated in the range of 2.5-15.0 mL. As seen from Fig. 3 , the quantitative recoveries were obtained after 10.0 mL of the eluting agent, and hence the optimum eluent volume was specified as 10.0 mL for all subsequent studies.
The levels of Cd(II) and Pb(II) ions in environmental real samples might be too low to be analyzed directly. The increase in the ratio of sample volume to eluent volume contributes to obtain higher preconcentration factor which provides convenience to detect the metal ions. For that purpose the influences of the sample volume on the recoveries of Cd(II) and Pb(II) ions were evaluated in the range of 50-1000 mL containing 2.0 µg of Cd (II) and 10.0 µg of Pb(II) ions under optimum conditions. The recovery values were found to be quantitative until 100 mL of sample volume (Fig. 4) . Hence, 100 mL was chosen as the highest sample volume and the preconcentration factor was calculated as 50 for the investigated metal ions at optimal conditions by the ratio of the highest sample volume (100 mL) and the lowest final volume (2.0 mL). in the range of 50-500 mg L -1 were loaded to the column filled with 250 mg Amberlite XAD-8, and the adsorption amounts of Cd(II) and Pb(II) ions onto resin were investigated. By using the obtained results, the Langmuir isotherms were plotted (Fig. 5) respectively. ), q max is the maximum adsorption in mono-layered adsorption systems
, and a L the adsorption equilibrium constant related to the adsorption energy (L mg −1 ). A straight line by plotting C e /q e against C e exhibits a linear relationship, and the Langmuir constants q max and a L can be calculated from the slope and intercept of the plot, respectively.
In order to determine the Amberlite XAD-8 resin capacity for the adsorption of Cd(II) and Pb(II) ions, different concentrations of each metal ions 
Effect of foreign ions on the recovery of analyte ions
The accurate determination of metal ions in different sample matrix is frequently problematic due to the presence of overwhelming interfering matrix components. To this end, the model solutions containing fixed amounts of Cd(II) and Pb(II) ions together with either individual matrix ions or a mixture of these ions were prepared and the developed separation and preconcentration procedure was applied to these solutions under optimal conditions. The experimental results indicated that the existence of matrix ions has no notable effect on the separation and preconcentration of Cd(II) and Pb(II) ions under the selected conditions (Table 2) . Consequently, it can be concluded that the developed SPE method can be applied to the samples that consist of various foreign ions at allowable levels. 
Analytical figure of merits
The precision of the method was determined by repeating the method for 10 times by using model solutions containing 2.0 µg of Cd(II) and 10.0 µg of Pb(II) ions under optimal conditions. Accordingly, the relative standard deviations (RSD) for Cd(II) and Pb(II) ions were found to be 3.7% and 3.1%, respectively. The limit of detection (LOD) of the analyte ions, defined as the concentration that gives a signal equivalent to three times the standard deviation of 10 replicate measurements of the blank samples, was found to be 0.31 µg L -1 and 0.86 µg L -1 , for Cd(II) and Pb(II) ions, respectively. In order to check the accuracy of the SPE method, different amounts of the Cd(II) and Pb(II) ions were spiked in 50 mL of sea and stream water as liquid samples, and in 1.000 g of microwave digested rice, cracked wheat and red lentil as solid samples. As can be seen in Tables 3 and 4 , good recoveries were obtained for Cd(II) and Pb(II) ions.
The method was applied to determine the analyte ions in real samples after being verified the accuracy of the method (Table 5) .
CONCLUSIONS
The work in this dissertation investigated the use of a solid phase extraction technique in pre-concentration and separation of Cd(II) and Pb(II) ions in the presence of MFPTAHK onto Amberlite XAD-8 resin in a mini column. The procedure provides a sensitive, safe, rapid and simple enrichment of Cd(II) and Pb(II) ions in environmental food and water samples prior to the determination by FAAS with acceptable accuracy and precision. Various effective parameters that influence the preconcentration and separation of Cd (II) and Pb (II) ions were systematically studied and optimized to give over 95% recovery yield and the results obtained are discussed in this paper. The equilibrium data of Cd (II) and Pb (II) ions adsorption onto Amberlite XAD-8 resin were obtained with the Langmuir isotherm equation and the adsorption capacity of the Amberlite XAD-8 resin, without any lost of its physical-chemical features and adsorption properties, were evaluated as 3.76 mg g -1 and 5.07 mg g -1 , respectively. The data obtained from the proposed method have been also compared with the previously reported SPE methods [31] [32] [33] [34] [35] [36] in terms of some optimization parameters ( Table 6 ). The distinguished features of the present work are that the RSD and LOD values are relatively low, the working pH near to neutral and the preconcentration factor is relatively high when compared to other methods.
